PATENT ABSTRACTS OF JAPAN 

(ll)Publication number : 09-145934 
(43)Date of publication of application : 06.06.1997 



(51) Int. CI. G02B 6/00 

G02F 1/1335 



(21) Application number : 07-307999 (71) Applicant : MATSUSHITA ELECTRIC 

WORKS LTD 

(22) Date of filing : 27.11.1995 (72) Inventor : FUKUSHIMA HIROSHI 

UCHIDA YUICHI 
MIYANO TAKAHIR0 

(54) ILLUMINATOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enhance the surface luminance of a light guide 
plate at minimum cost. 

SOLUTION: This illuminates is equipped with a light guide plate 1 which 
has a diffuse reflection part 2 on its reverse surface side and a light 
projection part on its top surface sidea lamp 3 as a linear light source 
which faces the end surface of the light guide late land a reflecting 
plate 4 which surrounds the lamp 3 and directs reflected light to the 
said end surface of the light guide plate 1. The end surface of the 
light guide plate 1 which faces the lamp 3 is formed into an uneven 
surface 5 where projections which are sectioned triangularly along the 
length of the lamp 3 are arrayed. When the surface facing the lamp 3 is 
flatlight which is not made incident on the light guide plate 1 because 
of total reflection can be made incident. 



CLAIMS 



[Claim(s) ] 

[Claim 1]A lighting system currently making a lamp in a light guide 
plateand the end face which counters into a rugged surface where a 
projection from which a section in a longitudinal direction of a lamp 



serves as triangular shape at least is located in a line in a lighting 
system of ** characterized by comprising the following. 
A light guide plate which has diffuse reflection parts and with which 
the surface side is made into an irradiation appearance part at the 
rear-face side. 

A lamp as a linear light source which counters the end face of a light 
guide plate. 

A light reflector which surrounds a lamp and turns catoptric light to 
the above-mentioned end face of a light guide plate. 

[Claim 2]The lighting system according to claim lwherein a rugged 
surface of a light guide plate is that with which a projection whose 
section serves as a triangle also in a thickness direction of a light 
guide plate is located in a line. 

[Claim 3]The lighting system according to claim 1 or 2wherein the end 
face in which a rugged surface of a light guide plate was established is 
formed as a field which makes an obtuse angle to the surface of a light 
guide plate. 

[Claim 4]A lighting system given in one paragraph of claims l~3wherein 
transparence material whose refractive index is size from air is put 
between a lamp and a light reflector. 

[Claim 5] A lighting system given in one paragraph of claims l~3wherein a 

rugged surface is coated with a reflex-inhibition layer. 

[Claim 6]A lighting system given in one paragraph of claims l~5wherein 

the light guide plate side of a light reflector is formed at a flat 

surface sloping to the surface thru/or a rear face of a light guide 

plate. 

[Claim 7]A lighting system given in one paragraph of claims l~6wherein a 
lamp is arranged on a position which is a position which approached the 
surface side in a thickness direction of a light guide plateand touches 
the end face of a light guide plate. 

[Claim 8]A lighting system given in one paragraph of claims l-7wherein a 
lamp is held by lamp holding part extended by one from a side edge part 
of a light guide plate. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the edge light type 



lighting system used for thin electric-spectaculars lighting and 
advertisement display devicethe back lamp of the guide light or the 
liquid crystal displayetc. 
[0002] 

[Description of the Prior Art]The light guide plate with which the rear- 
face side serves as diffuse reflection parts while an edge light type 
lighting system is formed of translucent materialssuch as an acrylic 
boardThe lamp (a cold cathode tube lamp is usually used) which is a 
linear light source which counters the end surface or two or more end 
faces of this light guide plateComprising a light reflector of the 
section U type for turning to a light guide plate the light which comes 
out of a lampor C typeand a rear reflection board made to reflect in the 
front-face side the light which passes a light guide plate and goes to 
the backthe light which went into the light guide plate from the lamp 
comes out from the entire surface of a light guide plate by reflection 
by the diffuse reflection parts on the rear face of a light guide plate. 
[0003] While making high luminosity on the surface of a light guide plate 
in such a lighting systemconsidering it as a thin shapeit is called for 
that an entire surface maintains uniform luminositybut. What is 
necessary is for all the lights that came out of the lamp to go into a 
light guide plateand just to make it result in diffuse reflection parts 
about making surface brightness of a light guide plate high. Howeverthe 
following problems exist here. 

[0004] that isthey are a loss by the reflectance of the incidence loss by 
total internal reflection and a light reflector and the light 
transmittance of the incident end face of a light guide plate not coming 
out 100%respectivelya condensing loss by the shape of a light reflectora 
loss by a solid anglea loss by a lamp reabsorbing lightetc. Among the 
lights to which the incidence loss by total internal reflection is 
emitted from a lampsinceas for the incident light of a larger angle than 
a total reflection anglethe reflected component becomes large to the 
incident end face of a light guide plate rather than the ingredient 
which enters in a light guide plateit is generated. 

In the edge light type lighting system using the lamp of a linear light 
sourcethis loss arises mostly in the longitudinal direction of a lamp. 

[0005]About the condensing loss by the shape of a light ref lectorwith 
the light reflector of section U type or C typewhile making the center 
(focus) of the circle for the center of a lamp to be in agreement or 
approach itthe portion by the side of a light guide plate becomes almost 
parallel to the surface and rear surface of a light guide platebut. In 



this caseafter coming out of the lamp of a light reflector and 
reflecting with a light guide platewhat carries out total internal 
reflection among the lights which face to a light guide plate increases. 
Since it becomes the light which reaches only the diffuse reflector near 
the incident end face of a light guide plateor is left directly from the 
surface near the incident end face of a light guide plate even if it 
goes into a light guide platea problem increases in respect of the 
homogeneity of luminosity only by making high surface brightness near 
the incident end face of a light guide plate. In order to counter a lamp 
peripheral face for a short distancere incidence of the portion contrary 
to the incident end face of the light guide plate in a lamp and the 
portion which counters will be carried out to a lampand it will make the 
loss by resorption increase. 

[0006]As opposed to the loss by a solid angle still needing making the 
diffuse reflection parts of the rear face of a light guide plate 
condense the light of a lamp eff icientlyln the conventional edge light 
panelsince the center of the thickness of a light guide plate and the 
center of the lamp were coincided mostlyit is because the light of the 
almost same quantity as the surface and the rear face of a light guide 
plate goes. Arranging the mirror frame finely divided in the 
longitudinal direction of a lamp between the lamp and the incident end 
face of a light guide plate by JP5-127160A for reduction of such a 
lossespecially reduction of the loss by total internal reflection is 
proposedln JP5-289077Athe seal of a lamp house and the incident end face 
of a light guide plate is carried outand being filled up with the fluid 
which has an almost equal refractive index with a light guide plate is 
proposed inside. 
[0007] 

[Problem(s) to be Solved by the Invent ion] Howevera cost hike will be too 
caused at the point causes a cost hike and it must be made for the 
leakage of a fluid never to have to produce from newly providing the 
above mirror frames in the former in the latter. 

[0008] Succeeding in this invention in view of such a pointthe place made 
into the purpose is to provide the edge light type lighting system which 
can aim at improvement in the surface brightness of a light guide plate 
at the minimum cost. 
[0009] 

[Means for Solving the Problem]A light guide plate with which a deer is 
carried outthis invention has diffuse reflection parts in the rear-face 
sideand the surface side is made into an irradiation appearance partln 
an edge light type lighting system provided with a lamp as a linear 



light source which counters the end face of a light guide plateand a 
light reflector which surrounds a lamp and turns catoptric light to the 
above-mentioned end face of a light guide platelt has the feature for a 
section in a longitudinal direction of a lamp to make a lamp in a light 
guide plateand the end face which counters at least a rugged surface 
where a projection used as triangular shape is located in a line. When 
an opposed face with a lamp is a flat facelight which does not enter 
into a light guide plate by total internal reflection can also be 
entered. 

[0010]As for a rugged surface of a light guide plateit is more preferred 
that it is that with which a projection from which a section serves as a 
triangle also in a thickness direction of a light guide plate is located 
in a line. As for the end face in which a rugged surface of a light 
guide plate was establishedwhat is also considered as a field which 
makes an obtuse angle to the surface of a light guide plate is preferred. 
A refractive index puts from air transparence material which is size 
between a lamp and a light reflectororA rugged surface may be coated 
with a reflex-inhibition layerand the light guide plate side of a light 
reflector may be formed at a flat surface sloping to the surface thru/or 
a rear face of a light guide plateor a lamp may be arranged on a 
position which is a position which approached the surface side in a 
thickness direction of a light guide plateand touches the end face of a 
light guide plate. 

[0011]As for a lampit is also still more preferred to be held by lamp 
holding part extended by one from a side edge part of a light guide 
plate. 
[0012] 

[Embodiment of the Invention] When an example of an embodiment of the 
invention is explainedthe light guide plate 1 which is making the end 
surface counter the lamp 3 which consists of a cold cathode tube 
surrounded with the light reflector 4 of section U type in drawing 1 is 
what consists of transparent acrylic resin with high light 
transmittanceThe diffuse reflection parts 2 are formed in the rear-face 
side by print ingintegral mouldingetc. of the dot pattern. The above- 
mentioned end surface of the light guide plate 1 used as an opposed face 
with the lamp 3 is made into the rugged surface 5. The section is formed 
in the longitudinal direction of the lamp 3 when unevenness of regular 
triangle form is located in a linebut the rugged surface 5 in here hopes 
that sectional shape is not parallel to the thickness direction of the 
light guide plate 1 as it may be shown in drawing 2 and a ridgeline 
shows drawing 3 . Howeverthe ridgeline is kept from becoming parallel to 



the longitudinal direction of the lamp 3. 

[0013] The light which comes out of the lamp 3 and goes to the above- 
mentioned end surface (incident end face) of the light guide plate llf 
it becomes a larger angle than the total reflection angle (it is usually 
82 degrees as it is shown also in drawing 14 when light goes into an 
acrylic resin from air) which becomes settled in the refractive index of 
airand the refractive index of the light guide plate lthe quantity of 
light reflected rather than the quantity of the light which enters into 
the light guide plate 1 will increasebut. Since below a total reflection 
angle will become if the rugged surface 5 is established as mentioned 
above when the degree of incidence angle to the light guide plate 1 
exceeds a total reflection anglein being a flat facethe incidence loss 
by total internal reflection is reduced greatly. In particularin that to 
which unevenness of triangular shape is located in a line with the 
longitudinal direction of the lamp 3a section is effective for reduction 
of the above-mentioned loss in the longitudinal direction of the lamp 3. 
[0014] Other examples are shown in drawing 4 . Herewhile a section makes 
the end face of the side used as the maximum thickness of the light 
guide plate 1 which is a wedge shape the incident end face which 
counters the lamp 3it has formed considering the rugged surface 5 
established in this incident end face as shape where the pyramid was 
arranged in in the shape of a lattice. In the example of a graphic 
displayas a triangle when it cuts at a vertical flat surface to the 
bottom through a vertex shows drawing 5 it is considered as a pyramid 
which serves as an equilateral trianglebut it does not restrict to 
thisand it may be a cone and the side piece/bus line may be a curve. It 
is not at the shape of a latticeand as it shifted half alternatelyit may 
arrange. Although the line which connects the vertex of the pyramid 
which furthermore adjoins may turn to any directionthe direction which 
is not parallel to the longitudinal direction of the lamp 3 is preferred. 
[0015] In this caseit is what can reduce not only the longitudinal 
direction of the lamp 3 but the total-internal-reflection loss of the 
thickness direction of the light guide plate lAnd since the function as 
a lens thru/or prism can be given to each **-like projection portion 
which forms the rugged surface 5control of the luminous-intensity- 
distribution nature of the light after going into the light guide plate 

1 is also attainedand light can go to the diffuse reflection parts 2 by 
the side of the rear face of the light guide plate 1. It is a display 
surface and diffusion board like the opalescence panel which allotted 
six in drawing 4 to the light reflector of the diffuse reflection parts 

2 further arranged on the rear-face sideand 7 arranged on the surface 



side of the light guide plate land sectional shape of the light guide 
plate 1 is made into a wedge shape because [ of the luminous intensity 
distribution to the diffuse reflection parts 2 ]. 

[0016]Another example is shown in drawing 6 . He is trying for the angle 
alpha of the incident end face made into the rugged surface 5 in the 
light guide plate 1 and the surface of the light guide plate 1 to make 
to serve as an obtuse angle here. In this casesince quantity of the 
light by which the above-mentioned angle alpha comes out of the lamp 3 
as compared with the case of being right-angledand luminous intensity 
distribution are directly carried out to the diffuse reflection parts 2 
by the side of the rear face of the light guide plate 1 can be 
increasedControl by the diffuse reflection parts 2 about what 
improvement in the luminosity of the light guide plate 1 surface can be 
obtainedsimultaneously surface luminance distribution is made uniform 
for becomes easy. 

[0017] What was shown in drawing 7 has put the sheet shaped transparence 
material 8 higher a refractive index than air and flexible between the 
side and the light reflector 4 which do not counter the light guide 
plate 1 in the lamp 3. If the transparence material 8 is formed with the 
sheet which consists of the same acrylic resin as the light guide plate 
1 nowAs opposed to a total reflection angle in case light faces to an 
acrylic resin from air being 82 degreesSince a total reflection angle in 
case light goes to air from an acrylic resin is 42 degreesthe light 
which went into the transparence material 8 at the angle of not less 
than 42 degrees goes to the light guide plate 1 side from the end face 
of the transparence material 8after repeating a multiple echo inside the 
transparence material 8. It enables it to aim at reduction of a 
resorption loss with the lamp 3 of light which reflects with the light 
reflector 4 and faces to the lamp 3. The transparence material 8 may 
bundle a plastic optical fiber to a sheet shapedas shown in drawing 8 and 
in this caseas each optical fiber intersects the longitudinal direction 
of the lamp 3it arranges it between the lamp 3 and the light reflector 4. 
[0018]For the reflective control produced in the incident end face of 
the light guide plate lthe material whose refractive index is smaller 
than the light guide plate If or examplef luoridation — a mug — if the 
reflex-inhibition layer 9 by coating NESHIMU (a refractive index is 
1. 38) with 1/4-wave thickness is formed in the incident end face of the 
light guide plate 1 as shown in drawing 9 a still better result can be 
obtained. Although the reflectance on the surface of an acrylic resin 
when not forming the reflex-inhibition layer 9 is about 4% in the case 
of vertical incidence and the reflected light component in the case of 



carrying out oblique incidence increases furtherlf the reflectance in 
the surface can be stopped to 2% or less and the reflex-inhibition layer 
9 is used as what is called a multi-coat by forming the reflex- 
inhibition layer 9reflectance can be controlled further. 
[0019] It is good for a both~sides end to be a plate-like thing at 
leastand to have inclined to the surface and the rear face of the light 
guide plate las it was not considered as section U type or C type but 
the light reflector 4 was shown in drawing 10 . When it is section U type 
or C typesince it becomes almost parallel [ the light reflector 4 ] to 
the surface and the rear face of the light guide plate 1 in the side 
near the light guide plate lthe catoptric light in this portion becomes 
close to a total reflection angle to the incident end face of the light 
guide plate land also. Even if it enters into the light guide plate 
lparticipate only in the luminosity of the portion of the side near the 
incident end face of the light guide plate 1 surfacebut if the light 
reflector 4 should incline to the surface and rear surface of the light 
guide plate 1 above the necessary angleSince catoptric light can enter 
at a bigger angle to the incident end face of the light guide plate 
lwhile the incidence efficiency to the light guide plate 1 
increaseslight can be efficiently drawn into the light guide plate 1. 
[0020]as shown in drawing li the lamp 3 is brought close to an incident 
end facewhile making an incident end face contact pref erablyEven if it 
shifts and arranges the lamp 3 to the surface side in the thickness 
direction of the light guide plate lnot only direct light but the 
catoptric light from the light reflector 4 can make the rear-face side 
of the light guide plate land a depth direction able to carry out 
condensing incidence eff icientlyand can aim at homogeneous improvement 
in the luminosity of a display surface. 

[0021] The example of a concrete embodiment is shown in drawing 12 . The 
light guide plate 1 made of an acrylic resin with which it is a section 
wedge shape and the dot pattern 20 is formed in the rear-face side of 
integral moulding makes the end face of the side with the largest 
thickness the incident end faceand this end face is the rugged surface 5 
which put the pyramid-like projection in order. The incident end face is 
made into the field which makes the angle of about 110 degrees to the 
surface of the light guide plate 1. And the sheet-shaped reflection 6 
has covered the rear-face side of the light guide plate lboth side 
surfaces and an incident end faceand the end face of the opposite 
handand the display surface and diffusion board 7 which consists of an 
opalescence acrylic board is arranged on the surface of the light guide 
plate 1. 



[0022] The cold cathode tube lamp 3 as the incident end face of the light 
guide plate land a linear light source which countersBy both ends being 
held by the attaching parts 15 and 15 extended from the both-sides end 
of the light guide plate lrespectively. It is allocated so that an 
incident end face may be touched when the surface side is approached in 
the thickness direction of the light guide plate 1 andand while 
surrounding the lamp 31et the light reflector 4 with which mirror plane 
processing according [ the inner surface side ] to silver etc. was 
performed be a thing of the shape (sectional shape shown in drawing 11 ) 
which combined two or more flat surfaces. 

[0023] The dot pattern 20 which constitutes the diffuse reflection parts 
2 of light guide plate 1 rear facelt is formed in the rear face of the 
light guide plate 1 as a minute slot (a depth of 50 micrometersl50 
micrometers in widththe overall length x) shown in drawing 13 and the 
overall length x of the slot in here. He is trying to become small as 
the pitch which he is trying to become long and provides a slot as it is 
short and keeps away by the side near the incident end face in the light 
guide plate 1 also keeps away from an incident end face. 
[0024] In such composit ionas the light guide plate Iwhile using that 
whose length by the side of the surface from the incident end face side 
to the other end the thickness by the side of 5 mm and the other end is 
2 mmand is 210 mmthe thickness by the side of an incident end faceWhen 
the phi2. 6mm cold cathode tube lamp 3 was usedwhile an incident end face 
and the surface made the right angleas compared with that in which an 
incident end face is formed in in a flat faceand the light reflector 4 
located the lamp 3 in the center of a thickness direction of the light 
guide plate 1 by section U type improvement in the incidence efficiency 
of about 20% was able to be obtained. 
[0025] 

[Effect of the Invention]As mentioned abovein this inventionsince the 
lamp in a light guide plate and the end face which counters are made 
into the rugged surface where the projection from which the section in 
the longitudinal direction of a lamp serves as triangular shape at least 
is located in a linelt is that in which the light which does not enter 
into a light guide plate by total internal reflection when an opposed 
face with a lamp is a flat face can also be enteredFor this 
reasonimprovement in the surface brightness of a light guide plate can 
be aimed atmoreoversince a rugged surface can be formed in one at the 
time of shaping of a light guide platethere is little cost and it ends. 
[0026]And if the rugged surface of the light guide plate is that with 
which the projection to which the section serves as a triangle also in 



the thickness direction of a light guide plate is located in a lineit 
can aim at improvement in surface brightness further. If the end face in 
which the rugged surface of the light guide plate was established is 
made into the field which makes an obtuse angle to the surface of a 
light guide plateit can increase the light volume of the direct light to 
the diffuse reflection parts by the side of the rear face of a light 
guide plateand can aim at improvement in surface brightnessand 
homogeneous improvement in luminosity. 

[0027] If a refractive index puts from air the transparence material 
which is size between a lamp and a light reflectorThe quantity of the 
light by which resorption will be carried out to a lamp can be 
stoppedsurface brightness of a light guide plate can be too made 
higherand even if it coats a rugged surface with a reflex-inhibition 
layersimilarly the surface brightness of a light guide plate can be 
raised. If the light guide plate side of a light reflector is formed at 
the flat surface sloping to the surface thru/or the rear face of a light 
guide platesince the quantity of light which increases the light volume 
which enters into a light guide plateand can aim at improvement in 
luminosityand also reaches in the inner part of a light guide plate can 
be made to increasethe homogeneous improvement in luminosity can also be 
obtained. 

[0028]A lamp in the position which approached the surface side in the 
thickness direction of a light guide plate and also when it allots the 
position which touches the end face of a light guide plateSince the 
quantity of light which increases the light volume which enters into a 
light guide plateand can aim at improvement in luminosityand also 
reaches in the inner part of a light guide plate can be made to 
increasethe homogeneous improvement in luminosity can also be obtained. 
If a lamp is held by the lamp holding part furthermore extended by one 
from the side edge part of the light guide platelamp holding structure 
can be simplifieda cost cut can be aimed atand a lamp can be certainly 
held in an advantageous position in respect of the improvement in 
surface brightness of a light guide plate. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] An example of an embodiment of the invention" is shown(a) is a 
fracture perspective view and (b) is an expansion perspective view of a 
rugged surface. 



[Drawing 2] The other examples of a rugged surface are shown and (a) and 
(b) are sectional viewsrespectively. 

[Drawing 3] It is an end elevation showing another example of a rugged 
surface. 

[Drawing 4] Another example is shown (a) is a sectional view and (b) is an 
expansion perspective view of a rugged surface. 

[Drawing 5] It is an expansion perspective view of a rugged surface same 
as the above. 

[Drawing 6] It is a sectional view showing other examples. 
[Drawing 7] It is a sectional view showing the example of further others. 
[Drawing 8] It is a perspective view showing the other examples of 
transparence material. 

[Drawing 9] It is a sectional view showing another example. 

[Drawing 10] Another example is shown (a) is a sectional view and (b) is 

an expanded sectional view. 

[Drawing 11] It is a sectional view of a different example. 

[Drawing 12] An example is shown (a) is a fracture perspective view and 

(b) is a side view of a light guide plate. 

[Drawing 13] Diffuse reflection parts same as the above are shown (a) is a 
fracture expansion perspective view and (b) is a bottom view of a light 
guide plate. 

[Drawing 14] It is an explanatory view of the rate of the incident light 
and catoptric light by the incidence angle at the time of light going 
into an acrylic resin plate from air. 
[Description of Notations] 

1 Light guide plate 

2 Diffuse reflection parts 

3 Lamp 

4 Light reflector 

5 Rugged surface 
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